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POLLUTION CONTROLLER 
This is a continuation-in-part application of my appli 

cation Ser. No. 2,450, filed Feb. 11, 1970, entitled 
POLLUTION CONTROLLER, now abandoned. 
The present invention relates to a method and system 

for decreasing or eliminating emission contaminants 
caused by burning hydrocarbon fuels with air, More 
specifically, fuel is burned with air (excess air or excess 
fuel) in a pressure combustor containing cooling coils 
with a Rankine fluid flowing through the coils, to lower 
the peak combustion temperature thus decreasing the 
nitric-oxide production. The products of combustion, 
along with any unburned fuel and carbon monoxide are 
passed to a packed bed of the higher metal oxide such 
as cobalt oxide (CoaC4), and oxidized with air to the 
higher oxide on the previous combustion sequence. 
The higher metal oxide reacts with the hydrocarbons 
and carbon monoxide to produce water vapor and car 
bon dioxide. The latter products are vented to the at 
mosphere via a lower recovery system. In most cases 
some sulfur will be present. The metal oxide will re 
move the sulfur dioxide at the lower temperatures 
(such as at start-up) and it will release these sulfur di 
oxides at the higher temperatures. Therefore, the sulfur 
dioxide that causes corrosion whenever the environ 
mental temperatures are below the condensing point of 
water, is contained, and cannot mix with condensed 
water and thus the corrosion problems are alleviated. 
Since the sulfur present in the fuel is fairly low, the sul 
fur releases at the higher temperatures is sufficiently 
low so as to cause no operating difficulty. This amount 
of air pollution from this source is no more of a prob 
lem than from present day engines. Thus, the corrosion 
and catalytic poisoning problems with sulfur dioxide 
within the catalytic treater and muffler are eliminated. 
While it is known in the prior art that a decrease in 

the combustion temperature will cause a decrease in 
nitric oxides, the decrease in nitric oxides usually cause 
increases in the hydrocarbons and carbon monoxide 
emissions in the exhaust. This is very true if excess fuel 
is used to decrease the combustion temperature. Other 
methods such as recycling part of the exhaust gases, 
etc., have been used but still the exhaust emissions are 
above the acceptable levels. However, in the present 
invention, both cooling fluid through coils within the 
combustor and excess fuel can be used to decrease the 
nitric oxides while the unreacted hydrocarbons and 
carbon monoxide will be removed downstream by 
chemical reactions with the higher metal oxide. In addi 
tion, the reactions removing the hydrocarbons and car 
bon monoxide are exothermic so that this heat is recov 
ered as power in passing through the gas turbine prior 
to exhausting to the atmosphere. Therefore, the overall 
specific fuel consumption is not increased as compared 
to present day configurations that eliminate some of 
the pollutants from the exhaust. In the present inven 
tion the pollutants of nitric oxides, carbon monoxide, 
and hydrocarbons are reduced or eliminated as well as 
the oxides of sulfur at the lower temperatures which 
cause most of the corrosion in the mufflers, etc. 

In general terms, the present invention removes or 
decreases the exhaust emissions of nitric oxides, un 
burned hydrocarbons, carbon monoxide a tail the tem 
perature levels of operations and rer: Cives title sulfur ox 
ides at the lower levels of temperature to alleviate cor 
rosion problems. 
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More specifically, the present invention facilitates 

the removal or lessening of contaminants emitted to the 
atmosphere caused by burning hydrocarbon fuels, with 
emphasis on unburned hydrocarbons, carbon monox 
ide, and oxides of nitrogen, In addition, oxides of sulfur 
are removed at the lower temperatures such as start-up, 
warm-up, etc., wherein corrosion by sulfur dioxide and 
condensed water is minimized. The present invention 
as shown is more applicable to pressure combustion 
systems wherein the gases are expanded through a gas 
turbine prior to exhaust, but is applicable also to pres 
ent day commercial engines by utilizing a heat ex 
changer to either vaporize the fuel prior to injection or 
to preheat the air. If used in a pressure combustor sys 
tem, both the gas turbine and the Rankine fluid turbine 
can be used as power producers. 
An objective of the present invention is to provide 

pollution control for large and small industrial engines. 
The system is applicable to electricity generating plants 
using a hydrocarbon fuel for generation of electricity. 
Another objective of the present invention is to pro 

vide pollution control for mobile vehicles using either 
external or internal combustion engines. 
Another objective of the present invention is to de 

crease the corrosion caused by sulfur dioxide and con 
densed water prevalent at lower temperatures in sys 
tems using hydrocarbon, sulfur containing fuels. 
Another objective of the present invention is to pro 

vide a system of decreasing nitric oxide emissions by 
maintaining the combustion temperature at lower lev 
els wherein nitric oxides form by removing some of the 
combustion heat with a cooling fluid flowing through 
coils located inside the combustion chamber and/or by 
the use of excess fuel. The hydrocarbons and carbon 
monoxide are removed (reacted to water and carbon 
dioxide) in a higher metal oxide bed. The generated 
heat is removed as power or process heat as required. 
Another objective of the present invention is to re 

duce pollutants by utilizing cobalt oxides in a packed 
bed for reaction with the hydrocarbons and carbon 
monoxide. 
Another objective of the present invention is to use 

at least two oxide beds when possible, so that one bed 
is reduced and the other bed is being oxidized with air. 
Another objective of the present invention is to oxi 

dize the bed on mobile applications by injection with 
excess air during the course of operation using present 
day instrumentation. 
Another objective of the present invention is to oxi 

dize the bed upon shut off of the fuel by instrumenta 
tion so that air is injected into the bed after the fuel is 
shut off. 
Another objective of the present invention is to uti 

lize the heat removed by the vaporized Rankine fluid 
in a Rankine expander for power recovery or as process 
heat. 
Another objective of the present invention is to re 

cover the heat from the gas stream by either power re 
covery in a gas turbine or in a heat exchanger as re 
quired. r 

Another objective of the present invention is to com 
bine the power recovered in the two recovery turbines 
for increased efficiency. 
These and other objects of the present invention will 

become more apparent to those skilled in the art by ref 
erence to the following detailed description when 
viewed in light of the accompanying drawing wherein: 
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The FIGURE is a schematic of the preferred system. 
Referring now to the drawing, the combustor unit is 

designated as 2. The unit has a lining 4 inside the burn 
ing area with tubes 6 between the inside wall and the 
outside tube lining. The tubes are coiled the whole 
length of the combustor unit, including the metal oxide 
reagent section 8. Fuel enters the combustor via line 10 
from pump 9 along with compressed air from compres 
sor 12 and line 14. Burning takes place inside the front 
end of the combustor in the area of the lining 4. Water 
or other Rankine fluids flow through the coils 6 and 
enter via line 16 to keep the combustor temperature 
below the limit of high nitrogen oxide formation. The 
gases from the combustion flow through the U-tube 
and any unreacted hydrocarbons or carbon monoxide 
is reacted to water and carbon dioxide via the higher 
metal oxide 8, preferably cobalt oxide. The exhaust 
gases exit via line 18, through turbine 20 and are ex 
hausted through line 22. The vaporized Rankine fluid 
leaves the combustor coils via line 24, is expanded in 
another turbine 26, and then is condensed in air con 
denser 28. The condensed liquid is returned to tank 30 
via line 32 and is recycled back to line 16 via pump 34. 
Start-up fuel pump 36 and start-up air compressor 38 
are electrically operated and receive their energy from 
a battery (not shown). After the shaft is rotating by the 
steam and gas turbines, the start-up pump and com 
pressor are taken over by the main pump and compres 
sor, respectively. A high temperature perforated filter, 
40, is used to contain the metal oxide. The cooling fluid 
in the combustion section prevents the high tempera 
tures normally associated with hydrocarbon combus 
tion. The temperature of the combustion products is 
controlled within the range of 2,000-2,700°F, thus, 
decreasing the formation of nitrogen oxide compounds, 
one of the present day air pollutants from the internal 
combustion engine. The gases are further cooled in the 
U-tube section to within the range of 1,500-1,800F, 
depending upon the limits of the gas turbine materials. 
Any carbon monoxide and/or unburned hydrocarbons 
are reacted to carbon dioxide and water vapor within 
the cobalt oxide bed. The combustor can be operated 
either fuel or air rich. If the operation is fuel rich, the 
reduced cobalt oxide must be regenerated after fuel 
flow is stopped and this can be accomplished by instru 
mentation that upon stopping, the start-up air compres 
sor will run for a short period of time to regenerate the 
reduced cobalt oxide bed back to the higher oxide. In 
stationary operation wherein continuous operation is 
maintained, two or more cobalt oxide beds are used so 
that regeneration occurs in one bed while reaction of 
carbon monoxide and/or hydrocarbons takes place in 
the other bed. Although an U-shape unit is shown in the 
drawing, it is to be understood that other configura 
tions can be used such as a total straight unit, more 
curves, etc., without detracting from the scope of the 
invention. The unit configuration can be adapted to its 
end use. The cobalt oxide bed could contain other 
metal oxides or metal oxides impregnated on inert car 
riers without detracting from the scope of the present 
invention. The unit can be operated either under pres 
sure or at atmospheric pressure. 

Further, the system of this invention is not limited to 
a particular combustor but can be used with existing 
internal combustion engines, either of the type em 
ployed in automobiles or those in industrial applica 
tions. 
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4 
If the combustor is operated with excess air, a series 

of chemical reactions could take place in the cobalt 
oxide reactor which would decrease the exhaust emis 
sions of carbon monoxide and unburned hydrocarbons. 
The following reactions are possible: 

i. COO, + CO - 3CoO + CO, 
2. (n + 2n)CoO + CH, -) incO + m/2 HO -- 
3(n + 2n) CoO 

3. 3CoO -- 20 - CoO 
4. CO +4O - CO 
5, CnHm -- (n -- m/4)O, -9 nCO -- m/2HO 
Reactions 1-3 would involve reducing the higher co 

balt oxide to the lower oxide and then oxidizing it back 
to the higher oxide with the excess oxygen in the ex 
haust stream. In reactions 4 and 5, the cobalt oxide acts 
as a catalyst and provides an active site for the carbon 
monoxide and unburned hydrocarbons to be oxidized 
with the excess oxygen to carbon dioxide and water va 
por. It is immaterial as to what reactions take place 
since the exit gas stream contains exhaust emissions 
below that of what is generally the norm for internal 
combustion engines, and below that for projected goals 
set by the Environmental Protection Act. The above 
reactions are exothermic and the cooling coils are used 
to control the temperature. Any localized hot spots are 
eliminated since the gas flow removes the heat as it is 
formed. 

In addition to decreasing the exhaust emissions of 
carbon monoxide and unburned hydrocarbons, nitric 
oxide removal is possible as shown below: 

NO + 3CoO - CoO, + 4N 
The above reaction has a very large equilibrium cons 
tant so that the reaction is highly feasible. In addition 
the carbon monoxide could react with the nitric oxide 
on the cobalt surface in which case the cobalt oxide 
serves as a catalyst. This reaction is as follows: 

This reaction also has a very large equilibrium constant 
and is also feasible from a thermodynamic viewpoint. 
The formation of nitrogen dioxide (NO) by the follow 
ing reactions is neglible since the equilibrium constants 
are very small in comparison to the equilibrium cons 
tant of the reducing reactions of nitric oxide (NO) to 
nitrogen. Both of the following reactions have very low 
equilibrium constants at the operating temperature of 
the present invention. 

NO +4O - NO, 
NO -- CoO - 3CoO + NO, 

Therefore, the present invention decreases the nitric 
oxide emissions without increasing the nitrogen dioxide 
levels whether by chemical reaction involving cobalt 
oxide or whether the metal oxide serves as a catalyst. 
The operation of the method of this invention will be 

more fully understood with reference to the following 
examples: 

EXAMPLE 1. 

Methane and air were burned at 300 PSIA., in an ex 
ternal combustor with water flowing through the cool 
ing coils. The equivalence ratio of methane/air was 1.1 
(fuel rich). The higher oxide of cobalt (CoO) was 
placed after the combustion gases inside the pressure 
vessel and the temperature of the gases to the oxide was 
1,500F. This was due to more cooling of the gases by 
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the water-steam as shown in the drawing. The gases out 
of the system was 1,520°F., with the following analysis: 
Nitrogen-oxides (measured as NO) - 20 ppm., Car 
bon Monoxide - 19 ppm and Hydrocarbons of 17 
ppm. Calculations of the power available from both the 
steam and gas by expanding through their respective 
turbines assuming 90 percent mechanical efficiency 
gave a thermal efficiency of 36.1 percent. The above 
conditions were made without the metal oxide present 
and the exhaust analysis was nitrogen oxides measured 
as NO, (28) ppm., hydrocarbons 0.52 vol. percent and 
carbon monoxide 1.11 percent. 

EXAMPLE 2 

N-Octane and air were preheated to 400°F., and in 
jected into the combustor of Example 1 at an equiva 
lence ratio of 0.82 (fuel lean). The operation was car 
ried out at 260 PSIA., without cobalt oxide. The analy 
sis of the pollutants of the exhaust gases were Nitrogen 
Oxides (measured as NO2) 503 ppm, Carbon monoxide 
- 824 ppm, and Hydrocarbons - 335 ppm. The ex 
haust gases exited at 2,600°F. No cooling fluid was 
used. Water was then turned on so that the water 
flowed through the coils to maintain the exhaust tem 
perature out at 2,500F. The nitrogen oxides were de 
creased to 314 ppm. Cobalt oxide was placed after the 
gases and the pollutants were decreased to: Nitrogen 
oxides 105 ppm, Carbon monoxide - 42 ppm., and 
Hydrocarbons - 36 ppm. The thermal efficiency cal 
culated as in the above example was 39.2 percent. 

EXAMPLE 3 

A fuel oil containing 2.3 percent by weight of sulfur 
was vaporized and injected into a combustor operating 
at 50 PSIA., along with stoichiometric air (equivalence 
ratio 1.0). Both fuel oil and air were preheated to 
600°F. prior to injection into the combustor. The exit 
of the combustor contained the higher oxide of cobalt 
(CoO). The exhaust gas temperature was measured as 
well as the sulfur dioxide concentration immediately 
upon start-up and until steady state was reached. As 
long as the temperature was below 1,000°F., the sulfur 
dioxide concentration of the exhaust gas remained 
below 85 ppm., but then it increased so that no sulfur 
dioxide was removed above approximately 1,000F. 
The exit gases contained low concentrations of other 
pollutants: NO, - 54 ppm., CO - 83 ppm., and Hy 
drocarbons - 28 ppm. 
The cobalt oxide inside the combustion chamber was 

effective in decreasing contaminants of nitrogen ox 
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6 
ides, hydrocarbons and carbon monoxide over a range 
of pressure of 15 to 2,500 psia., and temperatures from 
300 to 2,500°F., and equivalence ratios of fuel and air 
of 0.1 to 4.0. The preferred range of operation is be 
tween 100 and 400 psia..., 700 to 1,800F and equiva 
lence ratios of between 0.5 to 1.2. The cobalt oxide was 
effective in decreasing the sulfur dioxide concentration 
up to approximately 1,000F, but beyond this tempera 
ture, it was not effective. Therefore, this mode of re 
moval is very effective in decreasing the corrosion 
caused at temperatures wherever water can condense 
and mix with the sulfur dioxide. 

In general manner, while there has been disclosed ef 
fective embodiments of the invention, it should be well 
understood that the invention is not limited to such em 
bodiments as there might be changes made in the ar 
rangement, disposition, and form of the parts without 
departing from the principle of the present invention as 
comprehended within the scope of the accompanying 
claims. 
We claim: 
1. A method for reducing or eliminating nitrogen ox 

ide, unburned hydrocarbons and carbon monoxide 
from the exhaust gases of combustors comprising the 
steps of combusting fuel with air and removing part of 
the heat from the combustion chamber by circulating 
a cooling fluid through coils located within the combus 
tor thereby lowering the peak combustion temperature 
and reducing the amount of nitrogen oxides produced, 
passing the exhaust gases through a bed of a multi 
valent metal oxide in its higher form, reacting un 
burned hydrocarbons and carbon monoxide to water 
vapor and carbon dioxide, and regenerating the bed 
with air upon shut-off of the fuel. 

2. The method of claim 1 wherein the corrosion 
caused by a mixture of condensed water and sulfur di 
oxide is minimized or eliminated upon start-up and at 
temperatures wherein water can condense by the oxide 
removing the sulfur dioxide from the exhaust gases so 
that a mixture of condensed water and sulfur dioxide 
cannot form. 

3. The method of claim 1 wherein the multi-valent 
metal is cobalt. 

4. The method of claim 1 wherein the cooling fluid 
is vaporized, passed through a vapor turbine for added 
power generation, condensed and recycled. 

5. The method of claim 1 wherein the clean exhaust 
gases are expanded through a gas turbine for power 
generation. - 

x : x x . 


